Entanglement is at the heart of quantum physics, both for its conceptual The BSM is the essential element in an entanglement-swapping experiment.
Still, a successful partial BSM entangles two photons that were, up to then, independent.
The physics behind this realization is the bosonic character of photons, it is therefore crucial that the two incoming photons are indistinguishable: they must be identical in their spectral, spatial, polarization and temporal modes at the BS: Spectral overlap is achieved by the use of similar filters, spatial overlap by the use of single-mode optical fibres and polarization is matched by a polarization controller. In addition, the temporal resolution must be unambiguous: detection at a time t ± ∆t d , with ∆t d the temporal resolution of the detector, must single out a unique time mode. In previous experiments, synchronised pulsed sources created both the photons at the same time and path lengths had to be matched to obtain the required temporal overlap. The pulse length, i.e. the coherence length of the photons, was τ c << ∆t d (typically τ c <1 ps), but two subsequent pulses were separated by more than ∆t d 9 .
The drawback of such a realization is that the two sources cannot be totally autonomous, because of the indispensable synchronization. For the case where τ c > ∆t d 10 , the detectors always single out a unique time mode. As a benefit, one can give up the pulsed character of the sources and the synchronization between them. By implementing this, we realize for the first time the entanglement swapping scheme as originally proposed in Ref.
2.
The experimental scheme is sketched in Fig.1 . Each of the two non-linear crystals emits pairs of energy-time entangled photons 11 produced by spontaneous parametric down conversion (SPDC) of a photon originating from a CW laser. A pair can be created at any time t, and all these processes are coherent within the km-long coherence length of the laser: time-bins here are not created by a pulse passing through an unbalanced interferometer with path length difference ∆l (and τ = ∆l/c), but rather via postselection. In our case, photons are created at arbitrary times but only those, which are detected with a temporal delay of τ are taken into account.
We now describe our experiment in more detail. Above we have assumed that the detection times t and t+τ of the BSM are sharply defined. In physical terms, this requirement means that the detection times have to be determined with sub-coherencetime precision: this is the key ingredient that makes it possible to achieve synchronisation of photons A1 and B1 by detection, thus to use CW sources. Since single-photon detectors have a certain intrinsic minimal jitter, the coherence length of the photons has to be increased to exceed this value by narrow filtering.
Consider the case where each of the two sources emits one entangled pair of Any two-detector click in the BSM prepares the two remaining photons in a timebin entangled state. In our experiment the creation rate for entangled photon pairs is ≈10 4 per second, with time delays τ between photon A1 and B1 ranging from 0 to 10 ns. This is two orders of magnitude larger than in previous experiments at shorter and similar wavelengths [3] [4] [5] [6] . To verify entanglement between photons A2 and B2, they are sent through unbalanced Michelson interferometers (a and b) in a Franson configuration 11 . The path length differences ∆l of the interferometers must be identical only within the coherence length of the analyzed photons (7 cm), but stable in phase (α and β), which is achieved by active stabilization 21 . Both output ports of each interferometer are connected to InGaAs APD, triggered by the detection of the photons in the BSM. As ∆l of these analysing interferometers is fixed, only entanglement of pairs A2-B2 corresponding to τ=∆l/c can be tested. All the other entangled pairs with 
obtained as a function of the phase settings α and β and plotted in Fig.3 The integration time of this measurement was 1 hour for each of the 13 phase settings and the experiment was run 8 times, hence took 104 hours, which demonstrates the stability of our setup. Such long integration times are necessary because of low count rates (5 four-fold coincidences per hour), which are mainly due to poor coupling efficiencies of the photons into optical fibres, losses in optical components like filters and interferometers, as well as the limited detectors efficiencies. All these factors decrease the probability of detecting all four photons of a two-pair event. Improving the coupling efficiency would allow shorter measurement times and lower q, and hence better visibility (see discussion in the methods section).
Time-bin entanglement is particularly stable and well suited for fibre optic communications 24 , and the coherence length of 7 cm allows tolerating significant fibre length fluctuations as expected in field experiments. If additionally, count rates are further improved, long distance quantum communication 25 or quantum relays 26, 27 become realistic.
In conclusion, we realized for the first time an entanglement swapping experiment with completely autonomous CW sources. This is possible thanks to the low jitter of per pump photon. In principle, the available pump power permits us to produce narrow band entangled photon pairs at rates up to 3*10 8 pairs per second, which translates to an emission flux of more than 0.1 photons per coherence time. In this experiment, we limited the laser to 2 mW, in order to reduce the probability of multiple pair creation which would decrease the interference visibility 28 .
After the beam splitter (BS), the first photon is detected by a NbN superconducting single-photon detector (SSPD, Scontel) operated in free running 
